Currently Reliable Property Values And Simple Equation For Pure Hydrofluorocarbons by Sato, H. et al.
Purdue University
Purdue e-Pubs
International Refrigeration and Air Conditioning
Conference School of Mechanical Engineering
2002
Currently Reliable Property Values And Simple
Equation For Pure Hydrofluorocarbons
H. Sato
Japan Society of Refrigerating and Air Conditioning Engineers
N. Kagawa
Japan Society of Refrigerating and Air Conditioning Engineers
Y. Takaishi
Japan Society of Refrigerating and Air Conditioning Engineers
Y. Higashi
Japan Society of Refrigerating and Air Conditioning Engineers
C. Yokoyama
Japan Society of Refrigerating and Air Conditioning Engineers
See next page for additional authors
Follow this and additional works at: http://docs.lib.purdue.edu/iracc
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Sato, H.; Kagawa, N.; Takaishi, Y.; Higashi, Y.; Yokoyama, C.; Fujii, K.; Murakami, K.; Assael, M. J.; Noguchi, M.; Tanabe, H.;
Fukushima, M.; and Takigawa, K., "Currently Reliable Property Values And Simple Equation For Pure Hydrofluorocarbons" (2002).
International Refrigeration and Air Conditioning Conference. Paper 561.
http://docs.lib.purdue.edu/iracc/561
Authors
H. Sato, N. Kagawa, Y. Takaishi, Y. Higashi, C. Yokoyama, K. Fujii, K. Murakami, M. J. Assael, M. Noguchi, H.
Tanabe, M. Fukushima, and K. Takigawa
This article is available at Purdue e-Pubs: http://docs.lib.purdue.edu/iracc/561
  
       R7-3 
CURRENTLY RELIABLE PROPERTY VALUES AND SIMPLE 
EQUATION FOR PURE HYDROFLUOROCARBONS 
 
Haruki Sato, chairman, JARef Project on the Properties of Refrigerants, Japan Society of Refrigerating and Air 
conditioning Engineers (JSRAE), 8 Sanei-cho Shinjuku-ku Tokyo 160-0008, Japan 
Phone: +81-45-566-1729; Fax: +81-45-566-1720; E-Mail: hsato@sd.keio.ac.jp 
 
Noboru Kagawa; Yoshinori Takaishi; Yukihiro Higashi; Chiaki Yokoyama; Kenichi Fujii; Kazuhiko Murakami; 
Marc J. Assael; Masahiro Noguchi; Hirone Tanabe, Masato Fukushima; Katuya Takigawa, members, JARef 
Project on the Properties of Refrigerants, Japan Society of Refrigerating and Air conditioning Engineers (JSRAE), 
8 Sanei-cho Shinjuku-ku Tokyo 160-0008, Japan 
Phone: +81-3-3359-5231; Fax: +81-3-3359-5233; E-Mail: reito@mb.infoweb.ne.jp 
 
ABSTRACT 
In 1994, the JSRAE published JARef, Vol. 1, ‘HFCs and HCFCs,’ JAR Thermodynamic Tables, Vol. 1, 
Version 1.0, which provides the thermodynamic properties of 12 refrigerants by a printed form and a software. At 
the time reliable experimental data for new alternative refrigerants were qualitatively and quantitatively limited, 
some of the properties had to be estimated. Many reliable experimental data and theoretical information have been 
accumulated till present especially for pure hydrofluorocarbons (HFCs), e.g., the ideal gas heat capacity was 
derived experimentally and theoretically with an uncertainty of ±0.1 %, and many transport properties were 
reported. In addition, the new molar gas constant and molar masses were defined recently as the international 
standards. The review of the thermodynamic and transport properties is conducted mainly for HFCs in the JSRAE. 
Recommended critical parameters and simple equations of the vapor pressures, saturated liquid density, virial 
coefficients, surface tension, viscosity, and thermal conductivity are introduced and compared with selected 
experimental data. The information on material compatibility is also provided.  
 
INTRODUCTION 
Regarding the refrigerant mixtures, the JSRAE book by Tillner-Roth et al. (1998) is a unique complete 
compilation not only for refrigerant mixtures including R404, R407, R410, and R507 but also for the pure 
refrigerants of R32, R125, R134a, and R143a. The JSRAE book was calculated on the basis of the complicated 
Helmholtz thermodynamic equations of state. On the other hand, the JARef, (JAR Thermodynamic Tables 1994), 
was published for providing the thermodynamic properties of pure HFCs and HCFCs (hydrochlorofluorocarbones) 
as a convenient engineering tool by means of a booklet and a software in a floppy disk. The JARef provided 
simple correlations, which can calculate reliable property values; and a lot of Figures, which compare with 
selected experimental data for confirming the reliability of calculation results. Simultaneously, the complete list of 
experimental information was summarized in Tables and the literature survey was provided. The members of the 
JARef Project on the Properties of Refrigerants are preparing a new version of JARef at present. The members 
introduce the current situation on the properties of pure refrigerants including HFC refrigerants of R32, R125, 
R134a, R143a, and R152a in this report.  
 
  
Table 2. Recommended Values of Critical Parameters for Six 
HFC Refrigerants 
Refrigerant Tc / K pc / kPa ρc / kg⋅m-3 
R23 299.00  ± 0.03 4815± 5 529 ±5 
R32 351.255 ± 0.010 5780± 5 424 ±1 
R125 339.165 ± 0.010 3616± 5 568 ±1 
R134a 374.083 ± 0.010 4048±5 509 ±1 
R143a 345.860 ± 0.020 3761± 6 434 ±3 
R152a 386.410 ± 0.020 4516± 4 368 ±2 
 
INTERNATIONAL EQUATIONS OF STATE 
Regarding the International Standard values, the International Energy Agency (IEA) set up a working group 
on ‘Thermophysical Properties of Environmentally Acceptable Refrigerants’ as an Annex 18 in March 1990. After 
nearly ten years of activity till June 1998, the Annex 18 established the International equations of state for R32 
(Tillner-Roth and Yokozeki 1997), R123 (Younglove and McLinden 1994), R125 (Piao and Noguchi 1998), 
R134a (Tillner-Roth and Baehr 1994), and R143a (Lemmon and Jacobsen 2000). These equations can provide 
only the thermodynamic properties such as enthalpy and entropy but not the transport properties such as thermal 
conductivity and viscosity. The behavior of heat capacities of vapor at low temperatures near the saturation was 
still uncertain with several percentages as being pointed out by Narukawa et al. (2000). 
 
 
PHYSICAL CONSTANTS, MOLAR MASSES, ODP, AND GWP 
Based on the International 
Standards of physical constants 
(CODATA, Mohr and Taylor 1999) and 
molar masses (IUPAC, Vocke 1999), the 
properties of refrigerants were calculated. 
The molar gas constant is 8.314 472 
J⋅K-1⋅mol-1; Avogadro constant is 6.022 
141 99 × 1023 mol-1; and Boltzmann 
constant is 1.380 6503 × 10-23 J⋅K-1. The 
molar mass, ozone depleting potential 
(ODP) and the global warming potential 
(GWP) (Sand, et al. 1998), are 
summarized for important pure refrigerants in Table 1. Refrigerants shown with shadows in Table 1 are CFC or 





The importance of the critical 
parameters is not necessary to be 
emphasized here. The recommended 
values of the critical parameters for six 
HFC refrigerants, R23, R32, R125, R134a, 
R143a, and R152a listed in Table 2 were 
determined from the experimental results 
reported in the literatures by taking into 
account the experimental process and the 
data processing; sample purity; claimed 
experimental uncertainty; reproducibility of measurements; instruments used; and material of the cell. 
 
Table 1. Molar Mass, GWP, and ODP of Important Refrigerants 
Refrigerant Molar mass 
g⋅mol-1 
GWP ODP 
R12(CFC) 120.913 8500 1.0 
R22(HCFC) 86.468 1700 0.055 
R23(HFC) 70.014 11700 0 
R32(HFC) 52.023 650 0 
R123(HCFC) 152.930 93 0.02 
R125(HFC) 120.021 2800 0 
R134a(HFC) 102.031 1300 0 
R143a(HFC) 84.040 3800 0 
R152a(HFC) 66.050 140 0 
  
MISCIBILITY WITH LUBRICANTS  
HFC refrigerants have low miscibility with mineral lubricants because they lack chlorine atoms in the 
molecule. The miscibility of HFCs with lubricants is summarized in Table 3 (Daikin 1997). The measurements are 
reported for R32 with ester oil (Corr et al. 1993); R32 with POE (Takaishi and Oguchi 1995); R134a with PAG 
(Thomas et al. 1991); R134a with POE (Takaishi et al. 1993); and R125 with POE (Takaishi et al. 1994). The 
review on the vapor pressure, density, thermal conductivity, and viscosity of HFC-oil mixtures is reported 
(Mermond et al. 1999). The other material compatibility data are available in the form of technical reports by 
manufacturers (Du Pont-Mitsui, Asahi-Honeywell 2001, Daikin Industries 1997, etc.) 
THERMODYNAMIC PROPERTIES 
The ideal-gas heat capacity was experimentally (Sato et al. 2002) and theoretically determined for R32, 
R125, R134a, R143a, and R152a based on the spectroscopic data (Yokozeki et al. 1998). Both heat capacity values 
agree with each other within ±0.1 %. The following temperature function was fitted to the calculation results of 
Yokozeki et al., which is valid between 200 K and 500 K: 
 
cpo = c0 + c1Tr + c2Tr 2 + c3 Tr 3 (1) 
 
where Tr = T/Tc, Tc is the critical temperature. The numerical parameters are summarized in Table 4. 
 
Table 4. Numerical Parameters of Eq. (1) 
 R32 R125 R134a R143a R152a 
c0 ^4.4971 3.0614 3.1610 1.8567 3.4943 
c1 -2.8987 10.7918 ^8.7589 10.1478 ^3.6117 
c2 ^5.8251 -1.2173 ^1.0384 -1.4867 ^4.6738 
c3 -1.74767 -0.36795 -1.18189 -0.16996 -2.04672 
Tc / K 351.255  339.165 374.083 345.860 386.410^  
 
The vapor pressure of HFC refrigerants, R32, R125, R134a, R143a, and R152a are correlated by the 
















where Ai are numerical parameters and pc is the critical pressure. The exponential parameters ai are 1.0, 1.5 2.5 
and 5.0. The equations are valid from the triple point to the critical temperature. The reproducibility of reliable 
Table 3. Miscibility of HFCs with Lubricants Tested in Glass Sealed Tubes for 20-80 mass% Lubricant and 
Temperatures 233-363 K 
Lubricants＼HFCs R32 R125 R134a R143a R152a 
Mineral Naphthenic Immiscible Immiscible Immiscible Immiscible Immiscible 
PAG Immiscible  
below 233 K 
Miscible Miscible Immiscible Miscible 




PFE Immiscible Miscible Miscible Immiscible 















Weber & Goodwin Defibaugh Weber & Silva
+0.5 kPa
-0.5 kPa
Figure 1:  Pressure Deviation of Selected Experimental 
Data with Vapor Pressure Equation for R32. 
experimental data by the equations is about 
0.05 % or 0.5 kPa. The numerical values of 
coefficients of Eq. (2) are listed in Table 5. As an 
example, the comparison of selected 
experimental data with Eq. (2) is shown for R32 
in Fig. 1. 
The behavior of thermodynamic-property 
surface in the single vapor phase at low 
temperatures is not so simple as those calculated 
by using the ideal-gas equation although the 
pressure is very low. Narukawa et al. (2000) 
showed the several-percentage difference among 
the specific heat capacity values near the 
saturation calculated from various highly precise equations of state including the IEA International equations of 
state.  
 
Table 5. Critical Pressure and Numerical Parameters of Eq. (2) 
 R32 R125 R134a R143a R152a 
Critical Temperature, Tc 351.255 K 339.165 K 374.083 K 345.860 K 386.410 K 
Critical Pressure, pc 5780 kPa 3616 kPa 4048 kPa 3761 kPa 4517 kPa 
A1 (a1= 1.0) −7.46112 −7.48147 −7.62730 −7.33193 −7.40503 
A2 (a2= 1.5) 1.73898 1.64265 1.72872 1.62827 1.66675 
A3 (a3= 2.5) −2.01329 −2.45285 −2.57934 −1.89388 −2.05255 
A4 (a4= 5.0) −2.49321 −3.43603 −3.31853 −3.34178 −2.86825 
 
In order to calculate reasonable specific heat capacity values near the saturation, the differentials of the third virial 
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Figure 2: Deviations of Selected (a) pρT and (b) Speed-of-sound Experimental Data from the Virial Equation of 
State for R32. 
  
coefficient would not be reasonably determined by fitting simply to the experimental data on PVT-property from 





PVZ ++==  (3) 
 with ( )rr TbbTbbB /exp/ 4321 ++=  and C = c1+ c2 /Trα + c3 /Trβ . 
 
Table 6. Numerical Parameters of Eq. (3) 
 R32 R125 R134a R143a R152a 
b1 0.104770 0.213484 0.175488 0.174712 0.188478 
b2 −0.0994901 −0.162956 −0.223625 −0.168244 −0.299878 
b3 −0.0265089 −0.0637037 −0.0258786 −0.0463529 −0.0140385 
b4 2.02266 1.60909 2.15411 1.83189 2.37783 
c1 0.000846694 0.00146346 0.00208713 0.00229931 0.00198952 
c2 0.0177947 0.0261344 0.0281575 0.0352972 0.0295083 
c3 −0.000812886 −0.00353367 −0.00439291 −0.00345955 −0.00305163 
α 3.224 2.947 3.167 3.174 3.077 
β 9.770 9.464 9.215 9.695 9.417 
 
We fitted the above functional form of the third virial coefficient to Yokozeki ‘s calculation results derived 
from the basis of Stockmayer molecular potential model (Yokozeki et al. 1998). The residual properties were fitted 
to the available experimental data with fitting parameters of the second virial coefficient. The comparisons of 
selected pρT and speed-of-sound data with Eq. (3) are shown for R32 in Figs. 2 (a) and (b), respectively. The valid 
range depends on the substance: Equation (3) can represent pressure measurements within ±0.1 % or 0.2 % and 
the speed-of-sound measurements within 
±0.01 % or ±0.03 % at smaller densities 
than 40 kg⋅m-3 and at temperatures below 
370 K for R32; <150 kg⋅m-3 and <390 K for 
R125; <90 kg⋅m-3 and <450 K for R134a; 
<95 kg⋅m-3 and <430 K for R143a; and <90 
kg⋅m-3 and <400 K for R152a. 
Saturated liquid density correlation is 
determined for R32, R125, R134a, R143a, 
and R152a with the following correlation 
which can reproduce the selected 
experimental data within ±0.2 % except in 
the region near the critical point. The valid 
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Figure 3:  Density Deviation of Selected Saturated Liquid









∑ τa i  (4) 
 
where ρc is the critical density, τ = 1-T/Tc, and Ai are numerical parameters listed in Table 7. As an example, the 
comparison of selected experimental data for R125 with Eq. (4) is shown in Fig. 3. 
 
Table 7. Numerical Parameters of Eq. (4) 
 R32 R125 R134a R143a R152a 
Tc 351.255 K 339.165 K 374.083 K 345.860 K 386.410 K 
ρc 424 kg/m
3 568 kg/m3 509 kg/m3 434 kg/m3 368 kg/m3 
A1 (a 1=1/3) 1.90430 1.71436 1.89212 1.69369 1.86617 
A2 (a 2=2/3) 0.68466 1.60229 0.53596 1.39742 0.54359 
A3 (a 3=3/3) 0.43269 −1.94175 0.472886 −1.27418 0.60089 
A4 (a 4=4/3) −0.11646 1.50009 −0.208442 1.04370 −0.29247 
A5 (a 5=3) 0.24965 − 0.333011 − 0.28574 
 
The surface tension is correlated by Eq. (5) for six HFCs and six HCFCs which can represent the selected 
experimental data within an uncertainty of ±0.2 mN/m. The parameters of Eq. (5) are listed in Table 8. The valid 
range of Eq. (5) is from the triple point to the critical point. 
 




Table 8. Numerical Parameters of Eq. (5) 
Refrigerant Tc / K n σ0 / mN⋅m-1 Refrigerant Tc / K n σ0 / mN⋅m-1 
R23 299.01 1.290 65.62 R141b 477.31 1.235 60.87 
R32 351.26 1.252 72.16 R142b 410.26 1.214 55.14 
R123 456.831 1.235 56.02 R143a 345.88 1.259 54.27 
R124 395.35 1.203 52.19 R152a 386.41 1.221 59.06 
R125 339.17 1.240 52.60 R225ca 478 1.259 53.06 
R134a 374.11 1.213 55.81 R225cb 484 1.206 52.73 
 
TRANSPORT PROPERTIES 
The viscosity of saturated liquid and saturated vapor of refrigerants is correlated with a common 
temperature function of Eq. (6) using reduced viscosity with the reference viscosity value at 298.15 K. The 








∑  (6) 
 
  
Most of the equations have four reduced-temperature terms. The valid range is from the triple point to the 
temperature near the critical point. The equations reproduce the experimental data within ±3 % or 6 %. Typical 
comparisons of selected data with Eq. (6) are shown in Fig. 4 for the saturated-liquid viscosity of R32 and in Fig. 
5 for the saturated-vapor viscosity of R123. 
The thermal conductivity of saturated 
liquid and saturated vapor of refrigerants is 
also correlated with a common temperature 
function of Eq. (7) using the reduced value 
with the reference value at 298.15 K. The 
equations are fitted for R32, R123, R124, 
R125, R134a, R141b, R142b, and R152a in the 
case of the saturated liquid, while R123, R125, 








n∑  (7) 
 
The number of terms n is 2 or 4. For most cases, the equations reproduce selected experimental data within 
±3 % or more as shown in Fig. 6 for the saturated vapor R134a. The valid range is from the triple point to the 




The properties of pure refrigerants regarding on fundamental information of gas constant, molar mass, 
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Figure 4:  Deviation of Viscosity Experimental Data from
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Figure 5: Deviation of Viscosity Experimental Data
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Figure 6: Deviation of Thermal-conductivity 
Experimental Data from Eq. (7) for The 
Saturated Vapor of R134a. 
  
coefficients, surface tension, viscosity, thermal conductivity, miscibility of oil, and material compatibility are 
summarized in this paper. Regarding each property, only a few explanations are introduced but readers would be 
able to grasp the outline of currently most reliable values for the properties of pure hydrofluorocarbons and other 
important refrigerants. 
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